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[stjfcjg 1 1 z n omwo&M&fcmy^x^mw? 

[O O O 1 ] 

aJU*-C&&<, ZnOilil^^-^SCM/- tffCcfco 

a>*3te£aj"*\ -Oli630nm-6 90nmig(Dt 0 
-^^HogfeT'fc^ — 0(*4 8 0 nm~5 

<b — 0(£ 3 8 0 n ™m&(D$Z*WtT*foZ> 0 

[0002] ZnO<Dm&?2&l~£^T^tlt>mUZ>& 
SCD^7tA<ttJ^o 3 8 O n mCD&KfttZ/O KfiaS^T' 

<D5feA< t* CD <fc ? fc«M8 iz £ o T SS^lT * (D* ? <t l> 9 £ 

(*5^ff m-o&tx. krsx*;u^— <t y =msi*x* 

[0003] Z n OCDSSig^&IZcfcoT/O KIKIz^ja 

ig. m^t: — A®)&LbK ISOtC^,, ZnO£f§# 

mittz £ £ £ CD <!: f * . 

[0 0 0 4] $ t>^;^filzoiNr-S"^.(^ x*;u4=— CD 

T'fc £ ^ S ;£ 5: CD 5fc £ Z n O £ o T X± £ it £ S g 

y**«3te^<Dfflift36«fcy C*lA<SffiZ n OCD 

LT;&tP:&£;etfTlN£%CDT*fc£ 0 ^(Dfe 

£ & + matm* itm iz t ^^znotf©^ 
[ooos] ^asafett/^KrasBW^^^^^-e&y 
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3teT**HMDT-£^t£ft£*cDiE^^ mHJt 
(±x^ju^~(D^c^T*fcy^ia^icffl^(i^r 

[0006] Z n O itOJl-VmmCDttMimOlfc&Zft 
10 ^iSot, ZnOttf3^m-WJ*/ 

»ttfc-ea&y»jftA<st^ (i 9 8o°o cD-ctof& 

[0 0 0 7] X/N^y^UX^fZcfcoTZnOCDISI^^^ 
^ZnOCDSla£^^(*^j4T'&^o ZnOCD^^St^ 

(D^MStfc. IHl«^a>ZnOte^^^^«t6^T^^o 
CD^Z n 0&ZftZ^£tfT*$Z015mLiK&tiit*\zm 

[0 0 0 8] 

30 [tt5fc<D«ttff] ZnOf*£xfcO(D# ^ 

(D ^¥6~240250f TZ n OpTtS^^;i*j 
^i:S«t^fC. ^MZnOWtimZnOl^ 

n^S^SlL. fflft*Hft«t>-ei 0°C/&O&mx*5 
4 0°C^T^;^-r>5)o 5 4 0 0 CT'mr^Li1t^ 

ZnO£J&*T£o CtL^He-Cd U-lffZ^oTRg 

[000 9] CtL(*ZnO^X/\°'y^U>^lCj:or5W 
m<t-T>5 <t . ^fe (6 8 0 nm) (D&JtZ&T t(DtfV 
Z n O^^^L/^LA rH@SCr-9 0 0°CiiL±T* 
^HfgLfc=t,(D(*. ^fe (4 8 0nm) (DSfiste^ ttSr 1 

50 f*(C^y, ^S^^]yi5^<t4 80 nrr.CDm3 , C^{C/ c f 
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So "tnX2&<DmiKtii&ftZ>&tfX2:Z>tl^?tRX'& 

[0010] &9L*PX'ZnZtD&?Z>0)T'&mfrZ>WZm 

fey 6 8 O nmCD&feCDffi&ttKfc&a*. rtSStt^ta* 
T£Lt^^0)T'4 8 O nm(D®fe^i*l:^4, £% 

COOl 1 ] ©K. Vanheusden, W.L. Warren, C.H.seag 
er. D.r.Tallant, J. A. Voigt ,and B.E.Gnade, "Mechani 
sms behind green phot o I um i nescence in ZnO phosphor 
powders", J. AppI. Phys. 79(10), 15 May 1996 P 7983 
(1996)1*. z n o© 5 1 o n m(DWffi5fel:ot>r^ 

&&&<D&mxt3immxmttt<&mte.\zt t zz> <> wsp-e 
iznmxmtz&m^bmtyjizyti&o tzfrh>—mo><<* 

K6*& A< y < K-*-— MSIcft y „ iECSfit 

^iti^o m&itomt&mxmizjiz^o 

[0 0 1 2] <3)K. Vanheusden, C.H. Seager, W.L.Warr 
en, D.R. Tall ant and J. A. Voigt , "Correlat ion betwe 
en photo luminescence and oxygen vacancies in ZnO p 
hosphors", AppI. Phys. Lett, vol.68, No. 3, 15 Janu 
ary 1996, p403 (1996) 5tURHSX^<7 h 

gi+tu^ 5 i o n m<Dumft(Dmiz&i^m 

tffcfctl^. jffigl*<2>£IS|ttT*&*. i£§t*iaa<&* 
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mz&&xr$mb<&z>t*mmmi*m7tz> 0 znogg 
& z> mmxmt<Tm.to*iX' z? x ;u s igfa: ^ <t i \ ^ 

< *S£*ft*</h £ IMS *f «fli3teab<3fl < ^ * <t 0 * ? z 

?^$tztl^Z>&lZt£Z> 0 /N*>/\O^X*L^L^n5t 
0^ttZ-Z>l\Xit^Xl^Ul\ 

[0 0 14] ^(D&OtZZnOlzmT&XffiiZ'Jttjii,^ 
&tH*XML (680nmlg) ^ (4 8 0 

^ (&mm~mn*&) x&z>t^?zLt&t>fr-?xte 

y ^146^1* ^ y U T pi* ^ ? 1 6x ^ t > <t t n ^ c <t 

[0 0 1 5] 

z>m&*mmom i <db&x&z> 0 zno^ofc 

[OOI 6] 

[^S£fi?&-t**:<!oa>^fB] 2^^^(7>z n cxommx 

40 ;il*. 2nO@ft:^S®^7K^^^X^5a^^^r*fe 
[o o 1 7] 

x^X'&mLx&Hnft<otom&fRmttizmxzi*:z>. 

[OO 18] (a) $}#)tZ7? vO^ ! M\Z^^XZ n 

50 OOSlNS^ffl!Lto ZnOflJ^i, PbF 2 « 
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£iS£*Lfco PbF 2 l«W 0 C*l,£P t <7)SO 
mzXtlX 1 0 4 O°C(fl;&&IC*03&L2B*Fili«f$-f So 
^-(D^5°C/h(DSl^T*9 5 0°C£T*tt>o< U <t;g££ 
TlfSo C 9 LTlHBg<D*;££6<1 0 mm * 1 0 mm * 
0. 3mm(J)ZnOJ|^^:o W^LfeJUteSttlt 

[0019] (b) c^^it*ft:ata>4»'e*p»«Bau 
tio 7--^g(iiooot, tx— ;ub5RD{*6B$RD 
Tf&ofc„ M^T-^Utt^^Rg (IfcSSfcift) zn'p 
£-&Z>tz#)lZ?t-z>tz 0 f(Di4 0 0t^t*1 O 0°C/h 

(c) 0?l^(02nO!it«^ s^ss^^^xv^a 

rnmtz^Ltz 0 7 s 7X^isimmtz*m& i o t o r r 

Wi^^iALfco 7^hP>fC<toT2. 45 

GHz. 3 o owcD-?-Y^n&£#g££-£;1<^#;*£>? 
^7T^fZ®jBLfco K»tt4 0 0 < t(cjBf»U7^ra*3K 

[0 0 2 0] c c £ r* T* 3 «3i CDRtt tfVPtz^tlzU 
So WRJcLfcZnO (a) . |«|7-HHfcZnO 

(b) % Tklft^X^JMLfcZnO (c) T'&So - 
*1&3M(D«« (a) , (b) % (c) 0*V— KiL 

l**^fft£tt**fC&TT±-r**3fe (luminescence) (7) 

5fcL2£:S*S (ijHMix*^-**) 

Wl^WB* (fluorescence) fc«fclk ■WlWttfth. 

(phosphorescence ) nM^d 
*TOU5*-fe>X (lumminescence ) tl^<DX$>2>. 

£ us -c a. *v-K;us^-tr>x-ei63teufc 

[0021] «^-«o)tDax*ju^— i*5k v-ea&y, 

tf— A«3l(*6 0 p A~1 . 8 n ACD*5ffl-C8Mt 
fc 0 £ttftfa!ft$ O . 8 n m^J^(D 1 040ft>^ 
CD C C D IZ£ o Tfaih Ltzo 
[002 2] Si I* (a) Wfi£Ltc££<DZ n O. 

(b) ;uzno % (c) cort v— K;ua*-fe 

>x (CD m&(D&5k&7fi?o mmiz*\-> ofcT) 

1 n A "CfcSo 

[00 23] (a ) Wf£Lfc££cOZ n O I* 2 . 2eV 
Vt'tf-^$^7 50 cpsggt'35^„ 2. 2eV 
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(ii£:fcTa^<t 5 6 0 nmd&fziSo ^*U*ifiCD£5fcT? 
&S e ^t>^3. 2eV(D/h?t«t^bW„ ^1 

■Ps(;Mft<;s£i*3 o o c p sT*fcy*$an-efc£ 0 
3 7 o n m<D*n*3te-ea&*. 

[O024] (b) <DKRT=.— ;ULf-*,(Dl±. £bf^ 
5 00cpBt**lWS4<0. 8eVl:ffiibtL^ 0 i 

At**u:: o r $tco s * -b > x a* 2 Jii-t tzi£ x S o 
io tzfr*Mmxmtm<oi&ftof%mx~&&tT%'S>'\ r 5 

93 <t izmmmo c <t r* & s a> x* c tia-tsE^ i v 
[0025] (c) ^m^zy^mmi^tz^coit. mm 

U 3. 2eV (370nm) (D&3fcf~l-WM £>*tS e 

m.n**'? \~)\stmmLtzti^<Dt<ftizmmvh?> 0 

3. 2eV(DM*/OKP^ (X^>h>3g3fc) |C 
t\ t°-^tt4000cpsm Jkfft^X^ 

So 

[0 0 2 6] ^(DB^SS^*^ 2. 2eV«i:, 
3. 2e V^SfettlBttWft^^-e&SW^S. m 

So o^y?KP^^X^ M:<fcot, %i^m&T*(Dlr 

&<fc^fcfc*o tk^ te**m%r<Dr£\ iz & 

[0 0 2 7] /N*>/N^^X*^^li6^feC0;U5^-ti 
v) ^^<-Br(*at^ < tt^O^SifcftSo L^L^46lc£!i 

-<fc ^ tzmmr-— Mtm^ m-'tzi' 

z> \z izmfru i\ t;io mm<Dffi£ s * > x £ 

40 [0028] ^^^x^MA^jBwosfaifflafe-efc 

$-r*3S^^«iaLTt^L««fCOL^. 3. 2 
eV<t2. 2 e Vfl)JU5*-fe>X(DS»C»r*ffi*» 

t>c04SiS^I^-<fco H2I*Bft*7--;uLfcR« (b) 

5kV, «SSI*1. 8nAt'$)i)o ^li3 0K, 80 
K, 1 2 O K. 160K, 2 20K. 2 80K<hLTl^ 
So J^CD;US^-fcr>X (2. 2eV) te}&fgtf±tf&iz 
Ltzti*-z>X%i&L2 8 O Kt'l*3 0 KCDm^O 1 /5fC 
50 fc^Tl^So a«-h»lcJ:orJU5*-tz>XA«'>-r* 
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«otl^ ( £Z*>ti*3. 2 e V(7>JU5*-fe>X5£&(;}: 
ftll /2(CT6^ff Itr-fc^o tf— <*<ag3. 36 eV 
(30K)^b3. 26eV (2 80K) C^^C 

[0 0 2 9] ^^7X75&lLfcM (c) (EMUS* 

©SJtT'£liUDJUS*^>X(*fc:l\, 3m#CD;U5*-t? 
>xf£itT*&* 0 SS«c#titt®rf)r^:^<. 3okt? 

(48i<fcT:*:^2 0 00 0c p stZ&Z>&£(DC L£« 
»lT*#fco «t C 5^2 8 5Kt'tt3 O KCDjfo 1/10 0 
fc4><ST-T^ 0 3 0 KT'CDtf— ^i*;^— ^j&^fCiSI 
^■T^<t3. 3 50eVt'feof: o Z*U43lUS|x^> h 

[0030] Z(D£?U$£ftft(D^-?lS£<D}&m&n 

»(100/T) ^IJ, *S$6f::t4CL$£j£ (c p s) 
^oTL^ 0 2&££<K(^£3. 2 e V(DCLA^g5<3i 
*o aa&W6l^CLA«3S<fc*,, 

[003 1] ^(Dcfc^fcZnOtDiiMg^ 
(4U<-ofr<Z>ffl£6<&* 0 t^e- ABSStXtt^U- 
■tf («IJ^IiHe-CdL/-if) BSItfCjroT&l^ttft 

[0 0 3 2] Z n 0*eg©I®^*i^7X7iIl 
fCc 7K^H^)(* 1 0 T o r r . SJ£(4 4 0 0°C~- 6 0 O 

^<<:7lll$fi£ffc*fcAfC % S5(Dcfc^lC. ZnO$gS 
ICD-hfcs i NlR2£»jaLfc. ^LTttf&SPtt^JiL 
tS i NJK2^«!Rtt(cBfe*Lfc. $^lCtt»*«tM* 

tfe^S iNl2^ti) 0 ZnOOXh7^3^ 

[0 0 3 3] X h^W^3fC««<C«?-tf— A^Sr* 
<tZnOT*<7)3. 2eV(DJB*MU. KeUfcflfftt 

^(DiftdttiaascDu-iftr— as»*«<t?^^. xh 
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[0 0 3 4] 

[stMti H7fzzno*wu-ifa)«Bsia^L*>-r. 
o>x h^-r 3? 0 ^f^sg-r-6 0 cct*i44#:l^ei:^l-cu 

fl^ii! 0*(DX h^-f ^spfffCf^fil-r*. 
1 0*<DX h^-T:*<D±lB(*«*.l*1 O 0 M mggtt 

^> Kft^7-f-Jl KiS y $ 8 fftttft. 

n O 1 (DP B 1ICtem^£?l^fcfc-rfc#>(7>mff1 3A<Epfr]£ 

*. Xh7-f^3(0fiW|S|^ziii:t5 o Znoif: 

m : ? L (4Yifi^rRi^j£A^-pTa3^^tL>5o xh^o° 

&mMM&%tztiz>o x-%fotzmi3m&£T2>&z\n& 
&mm.%t<n&tzmmmt'?z> Q x^tDm^mtz^-ox 
y^wzmnT^mmm^itz^mtzmt^ 0 t<omt< 

y ^JRnxili'r & fr£ tf — A a< z Taft fcffiisf & o £a&* 

[O 0 3 5] 

40 Xtre**. 

[01] W^Lf;^(J3ZnO (a) , iUL 
fcZnO (b) % *3R^7X7flllLfc2nO (c) CD 

^v-KJus^-b^xo^lSm^-r^^^o 8S8U4 
:7* h>x*;u^-, <S»(4iOTi3(D*0>K5S ( CP 

S) o 

[U2] *^fltSLTl^t^Z n OCD*> V— K;U5*-fe 
(e V) % ttltthM 8>fH0)?a- h>ASt» (c p 



[03] *m^X-?&!lLfcZnO<D*V-K;U5* 
(eV) . IMftttl #|H)©:?* h>AWtt (cp 

S) o 

[04] 7Kf^7X7ffiiLt2nO(D^ V— K;U5* 

[05] ZnOJHtea©aBB***^X-7«ifflL*B5 

[06] S i N7X^^O«l^^LmiLfct 

[07] 4^(D^ h^^f^(Dfc^^U— ^cD^BSm^ 

0» 

[SH^OifciB] 
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